ABSTRACT. An efficient procedure for the synthesis of various 2-imino-2H-chromene-3-carbonitriles, 2-oxo-2H-chromene-3-carbonitriles as well as 2-oxo-2H-chromene-3-carboxylic acids is reported. It has been found that potassium phthalimide (PPI) catalyse the Knoevenagel condensation reaction of salicylaldehydes and activated β-dicarbonyl compounds efficiently under aqueous conditions at room temperature. This approach provides many merits such as high yields of products, clean, simple work-up, waste free, mild reaction conditions, commercially available organocatalyst, and the use of water as environmentally benign solvent.
INTRODUCTION
Coumarin compounds are one of the most common oxygen-containing heterocycles that occurs in a variety of natural products and drugs [1] [2] . Many of its derivatives exhibit antimicrobial [3] , anticoagulant [4] , antitumor [5] , antioxidant, and anti-inflammatory [6] activities. Compounds bearing this heterocyclic core are found to possess diverse applications in the area of medicinal chemistry, cosmetics, perfumes, optical brightening agents, additives in food, dyes, supramolecular chemistry as well as laser technologies [7] . Due to the excellent fluorescent capacities of coumarin-containing compounds, some of such compounds were employed as artificial ion receptors, fluorescent probes for monitor timely enzyme activity, pathological, and pharmacological mechanisms [2] .
3-Cyanocoumarins, on the other hand, can be transferred to the useful compounds such as amides that exhibit specific inhibitory effects on the α-chemotripsin [8] and leukocyte elastase [9] . Coumarin-3-carbonitriles and 2-iminocoumarin-3-carbonitriles are also important intermediates, which are required for the preparation of 3-(4-oxo-3,4-dihydrothieno [2,3-d] pyrimidin-2-yl)-2-iminocoumarins [10] , 3-imino-benzopyrano [2,3-c] isoxazoles [11] as well as 2-(2-iminocoumarin-3-yl)quinazoline-4(3H)-thiones [12] . 3-Carboxycoumarins are used for the synthesis of cephalosporins [13] , modified penicillins [14] , and chromene-3-carboxamide derivatives as monoamine oxidase inhibitors [15] .
The synthetic methods for the construction of coumarin nucleus have been developed over many decades. The construction of this heterocyclic nucleus is usually performed by several procedures including the von Pechmann [16] , Perkin [17] , and Wittig [18] reactions. In addition to this, the 3-substituted coumarins are also prepared by the Knoevenagel condensation of salicylaldehydes with compounds containing active methylene group including Meldrum's acid, maleic acid, malonic acid, malonate esters, malononitrile, or ethyl cyanoacetate [19] . This reaction can be catalyzed by various catalysts such as mesoporous molecular sieve MCM-41 [20] [22] , L-proline [23] , piperidine [24] , ZrCl 4 in ionic liquid [25] , natural clay [26] , Mg-Al hydrotalcite [27] , NaOH [28] , basic alumina followed by grinding with ptoluenesulphonic acid [29] , Na 2 CO 3 and NaHCO 3 [30] . 3-Substituted coumarins can be obtained under phase-transfer catalyzed conditions [31] . Uncatalyzed versions of synthesis of 3-450 substituted coumarines in water under heating [32] , microwave [33] or ultrasound irradiation [34] have also been reported in the literature. However, most of these methods are suitable for the preparation of 3-substituted coumarins, but many of them suffer from one or more drawbacks such as organic and inorganic catalysts like piperidine, pyridine, NaOH, ionic liquids, required special apparatus (e.g., microwave and ultrasound irradiation), the use of toxic organic solvents, for example dimethylformamide (DMF) and toluene, and harsh reaction conditions. The development of eco-efficient procedure for the synthesis of 3-substituted coumarins and carrying out organic reactions in water is therefore particularly indispensable.
In recent years, the use of water as the solvent has been considerable. In fact, water has several benefits such as cheapness, safety, ecological friendly, readily available, non-toxic and non-flammable, and so much attractive from the standpoint of economic and environmental [35, 36] . As the part of our study on the catalytic applications of potassium phthalimide (PPI) in organic transformations [37] [38] [39] [40] , we focused our efforts on the synthesis of 2-oxo-2H-chromene-3-carbonitriles, 2-oxo-2H-chromene-3-carboxylic acids as well as 2-imino-2H-coumarin-3-carbonitriles (Scheme 1). 
RESULTS AND DISCUSSION
Scheme 1 shows the synthetic pathway for the preparation of targeted compounds 3a-d, 4a-d and 6a-d. At first, in order to find the optimized experimental conditions, the reaction medium as well as catalyst loading was examined. The condensation of salicylaldehyde 1a (1 mmol) and malononitrile 2a (1 mmol) in the presence of various basic catalysts and solvents was investigated. The results of this study are presented in Table 1 . The solvent screening was performed at room temperature and reveals that water is the solvent of choice for this transformation (Table 1 , entry 5). It was found that when increasing the amount of the PPI from 5 to 10, and 20 mol%, the chemical yield of compound 3a increases from 80 to 88 and 93%, respectively (Table 1 , entries 6, 7, and 8). More amounts of the PPI did not improve the yield (Table 1 , entry 9). When this reaction was conducted with other basic catalysts such as, sodium ascorbate, sodium citrate, sodium tetraborate, K 2 CO 3 and Na 2 CO 3 , the yield of the expected product was lower. Also, it was observed that a higher reaction temperature (50, 75 °C and reflux) leads to a lower yield. It should be mentioned when the reaction was implemented in the absence of solvent and PPI the yield of the product was low (Table 1 , entries 15 and 16). Chemical yield were slightly decreased by increasing the temperature to 50, 75°C and reflux.
c Isolated yields.
d PPI: Potassium phthalimide. e The yield of product was slightly increased by increasing the catalyst loading (from 15 to 20 and 25 mol%). Also, the reaction in less polar solvents (e.g. C2H5OH, CH3OH, CH3CN, and CH2Cl2) gave 3a in lower yields.
Under the optimized conditions in hand, the scope and the generality of this method were studied. By changing the salicylaldehyde (1a) to 5-bromo-2-hydroxybenzaldehyde (1b), 2-hydroxy-3-methoxybenzaldehyde (1c), and 4-(diethylamino)-2-hydroxybenzaldehyde (1d), the expected products 3b, 3c, and 3d were achieved in high yields (Table 2 , entries 2, 3, and 4). However, the lower chemical yield of compound 4a (70%) was achieved on replacement of the malononitrile (2a) with ethyl 2-cyanoacetate (2b).
Also, under the above conditions, the reaction of salicylaldehyde (1a) and malonic acid (5) proceeded and 2-oxo-2H-chromene-3-carboxylic acid (6a) was obtained in lower yield (65%) rather than the expected yield. In these cases, catalyst loading was increased from 15 to 20 mol%, and chemical yields of compounds 4a and 6a increase to 90 and 88%, respectively (Table 2, entries 5 and 9). Our investigations clarified that in this case the best results can be obtained under the conditions shown in Scheme 2.
As shown in Table 2 , some trends in the reactions of salicylaldehydes (1a-d) with compounds containing active methylene group (2a, b and 5) were noted, that is, the yields were slightly affected by the substituents of the investigated aldehydes. Plausible reaction mechanism for this condensation is shown in Scheme 3. On the basis of the chemistry of the Knoevenagel condensation, it is reasonable to assume that anion A was formed by removal proton from active methylene containing compounds (2a-b, 5) with potassium phthalimide (P + PI -). Then intermediate oxyanion B was formed via the reaction of aryl aldehydes 1a-d and anion A, followed elimination of water leading to Knoevenagel adducts D, E and F. Then intramolecular nucleophilic cyclization (O-attack) take place on the electrophilic carbon and thus intermediates G, H and J were formed. Intermediate G undergoes a proton transfer, and the 2-imino-2H-coumarin-3-carbonitriles 3a-d are formed. Followed by proton transfer, intermediates I and K are formed, which then experienced deethanolizaion and dehydration under the reaction conditions and give the desired compounds 4a-d and 6a-d. Green aqueous synthesis of 3-substituted coumarins catalyzed by potassium phthalimide Scheme 2. Optimized conditions for 4a and 6a.
Scheme 3. The proposed mechanisms for formation of title compounds (3a-d, 4a-d and 6a-d) .
The reuse and recycling of PPI was investigated. After filtration of the reaction mixture to separate the product (3a), the filtrate was charged with the same substrates and was reused for four cycles, which afforded yields similar to those achieved in the first run, despite the fact that increases in reaction time were detected (Table 2, entry 1).
To show the efficiency of this method, we compared our results obtained from synthesis of 2-imino-2H-chromene-3-carbonitrile (3a), 2-oxo-2H-chromene-3-carbonitrile (4a), and 2-oxo-2H-chromene-3-carboxylic acid (6a) in the presence of PPI with other results reported in the literature. As is apparent from Table 3 , this method avoids the disadvantages of other procedures, for example long reaction times, high temperature, ionic liquids, required special apparatus (e.g., microwave and ultrasound irradiation), and using organic solvents. 
CONCLUSIONS
In summary, PPI have been used as an effective reagent and solid basic organocatalyst for simple and efficient synthesis of 2-imino-2H-chromene-3-carbonitriles, 2-oxo-2H-chromene-3-carbonitriles, and 2-oxo-2H-chromene-3-carboxylic acids. The process has several benefits, for example ease of using and handling of the catalyst, mild reaction conditions, simple experimental technique, and use of a cheap and available catalyst. Moreover, this procedure avoids problems associated with organic solvents; these economic and environmental merits make it a valuable and eye-catching approach. The effectiveness of this convenient technique is comparable with that of existing methods for synthesis of 3-substituted coumarins.
EXPERIMENTAL
All the reagents and chemicals were obtained from commercial sources and used without further purification. Melting points were measured on a Buchi 510 melting point apparatus and are uncorrected. IR spectra were recorded with a Shimadzu FT-IR 8300 Spectrophotometer using KBr pellets technique. C NMR spectra were recorded at ambient temperature using a Bruker Avance DRX-300 MHz spectrophotometer using dimethylsulfoxide (DMSO-d 6 ) or CDCl 3 as the solvent and TMS as an internal standard. The purity of synthesized compounds as well as a progress of the reactions was monitored by thin layer chromatography (TLC) analysis on Merck pre-coated silica gel 60 F 254 aluminum sheets, visualized by UV light.
General procedure for the PPI-promoted synthesis of title compounds (3, 4 and 6)
Salicylaldehyde derivative (1 mmol), active methylene compound (1 mmol) and PPI were added to 5 mL of water and the reaction mixture was stirred at room temperature for the appropriate time (Table 2 ). After completion of the reaction (as indicated by TLC analysis), the mixture was filtered to separate the precipitated product, which was further purified by rinsing with cold reaction solvent. The filtrate was charged with the same substrates and was reused for successive cycles. The products were identified by comparison with authentic samples or NMR data. 
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